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@ Method and apparatus for dynamic alignment. 

@ A control arrangement for a video j "°» JJ^o" 
ibotoresponsive device (22) for responding to the posrt.on 
oft test pattern (18) which makes up part of the .mage (12) 
^?JZj Signals developed from the P hotorespons.ve 
^eviL Sare used to modify the presentation of the mon.tor 
?1% Apoara~s for contro.ling the position of a v-u. Umage 
2 on the screen of the monitor (10) compnses means ^28. 
™ tor oeneratina the rest pattern (18), e photoresponsive 
device Mourned in ^position relative to the screen o 

!STSoS (10) and responsive to the test patterr , (1 8Hor 
developing signals manifesting the posrt.on of the »«st pattern 
?1 arrelative to a predetermined f bced position, and means (48) 
SSthJ 'position of thetestpattern(18)on thescreen 
(10) in response to said signals. 
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METHOD AND APPARATUS FOR DYNAMIC ALIGNMENT 
DESCRIPTION 

The present invention relates to a method and 
apparatus for dynamically aligning the display image of a 
5 video monitor relative to a fixed frame of reference. 

In the use of video monitors for computer sys- 
tems r it is frequently desirable to provide a touch input 
capability, so that an operator f by touching a spot on 
the monitor screen with- his finger, or the like, can make 
10 choices and otherwise supply input data to the computer 
system. The locations on the screen which are touched by 
the operator correspond to designated portions of the dis- 
play, and input data is developed when the operator's fin- 
ger or the like interrupts one or more light beams passing 
15 through the space adjacent that portion of the video 

screen. Typically, a plurality of crossed light beams are 
employed in the form of a matrix or grid, eacb of said 
beams being defined at one end by a light emitter , and at 
the other end by a photo responsive device so that beam in- 
20 terruption by the operator* s finger can be detected. Ty- 
pically the beams employ light energy in the infrared re- 
gion of the spectrum. 

In order to resolve, without ambiguity, the in- 
put data furnished through- a touch input device, there 
25 must be a fixed frame of reference existing between the 
ligbt beams being interrupted when the operator points to 
a specific portion of tbe display. Unfortunately, because 
of various factors, the video display can drift in posi- 
tion relative to the grid of light beams which is fixed in 
30 space by heing mounted in or on the bezel surrounding the 
video display screen. The drift can be vertical f in an up 
or down direction, or can be horizontal , in a left and 
right direction. When the drift exceeds a small value, 
errors may occur in the entry of data because when the op- 
35 erator touches a given point on tbe yideo display screen, 
the light beams are not interrupted which are correctly 
associated with, that point. If other light beams are in- 
terrupted by the toucb input, erroneous data may result. 
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Even when the touch input device does not employ light 
beams, its fixed relation to the monitor screen makes it 
desirable to maintain a fixed relation between the screen 
and the image being displayed. It is therefore desirable 
to provide an apparatus and method for insuring a fixed 
frame of reference relative to the display of the video 
monitor, and the grid of light beams of the touch input 
device. 

It is a principal object of the present inven- 
tion to provide an apparatus and method for insuring a 
fixed relationship between the display of a video monitor 
and the physical space surrounding such monitor. 

Another object of the present invention is to 
provide an apparatus and method for doing so which, is 
15 simple and economical. 

The present invention achieves the advantage of 
maintaining a rigid relationship between the information 
displayed on the monitor and the field of a touch input 
unit which is fixed in space relative to the monitor. Any 
20 effects such as component aging, differences in the 

earth's magnetic field, or a change in the enclosure mag- 
netization, or the lite, which tend to result in a shift 
of a position of the display on the monitor are immediate- 
ly compensated so that the image remains at a stationary 
25 position. 

Another object of the present invention is to 
provide means for easily verifying correct size and lin- 
earity of the raster of a monitor screen. 

These and other objects and advantages of the 
present invention will become manifest by an inspection by 
the following description and the accompanying drawings. 

In accordance with one embodiment of the present 
invention there is provided apparatus for displaying a 
test pattern on a video monitor in the margin between the 
35 image area and the bezel, and photoresponsive means fixed 
in position relative to the face of the monitor for de- 
veloping an electrical signal in response to the test 
pattern. The timing of the signal, in relation to the 
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display of the test pattern, establishes either that the 
image position is correct, .or that the image must be 
moved in a given direction in order to return to its 

fixed position. 
5 Reference will now be made to the accompanied 

drawings in whichs 

Fig. 1 is a view of the face of a video monitor 
displaying a test pattern in the margin between the image 
area and the bezel, with, the photoelectric sensor re- 
10 moved; 

Fig. 2 is a fragmentary view of the apparatus of 
Fig. 1, illustrating the photoelectric sensor in position? 

Figs. 3 and 4 are illustrations showing the time 
and space relationships of the test pattern; 

Fig. 5 is a functional diagram of a control 
system for controlling the image location; 

Fig. 6 is an illustration of an alternative test 
pattern which may be used with the present invention; 

Fig. 7 is an illustration of an alternative em- 

20 bodiment of the invention; and 

Figs. 8-10 illustrate a further embodiment of 

the invention. 

Referring now to Fig. 1, a video monitor 10 is 
illustrated having a display screen for displaying a video 
image 12. The display screen is surrounded by a bezel 14, 
which typically extends forwardly from the front surface 
of the monitor, and houses photoelectric emitters and pho- 
toelectric sensors for defining the grid or matrix of 
light beams of a touch: input device. The specific details 
30 of the touch input device form no part of the present in- 
vention and therefore need not be described in detail. 

A margin or border 16 surrounds the image area 
12 on the monitor inside the bezel 14. Such a border is 
typically provided on computer system video monitors, to 
35 provide a positive indication to the operator that the 

entire image area 12 is displayed. Ae illustrated in Fig, 
1, a test pattern 18 is displayed in the margin 16, such 
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test pattern consisting of fiye dots arranged in two rows, 
one horizontal and one vertical, A central dot corres- 
ponds to the correct location of the image on the monitor, 
whereas the four additional dots indicate, respectively, 
5 positions of the image which are up, down, right and left 
of the correct position. The test pattern 18 is prefer- 
ably located adjacent a corner of the display area 12, so 
that it is not in horizontal or vertical alignment with 
any part of the image area 12 . 

10 Referring now to Fig. 2, a fragment of the ap- 

paratus of Pig. 1 is illustrated, showing a housing 2Q 
which houses a photoelectric sensor in alignment with the 
test pattern 18. When the image Is correctly positioned 
on the monitor screen, the sensor is aligned with the 

15 central dot of the test pattern 18, whereas if the test 

pattern has moved from Its desired position on the monitor 
screen, the central dot is no longer aligned with the pho- 
toelectric sensor, but one of the other dots may be so 
aligned. Each of the five dots of the test pattern has a 

20 characteristic timing, relative to the horizontal and 

vertical scanning of the raster of the video monitor, and 
a comparison between these times and the time at which 
the photoelectric sensor produces a pulse Indicates which 
one or more of the five dots is in alignment with the sen- 

25 sor. This information may be used to identify the direc- 
tion of movement required to bring the image to Its de- 
sired fixed position, and also identifies when the de- 
sired fixed position is reached. 

Referring now to Fig. 4, the test pattern 18 is 

3Q shown In an enlarged view. As shown in Fig. 4, it appears 
on three successive scan lines, and the five dots are 
labeled a-e. The dot c is centrally located, relative to 
a photoelectric detector or sensor 22, while the other 
four dots a, h, d and e lie just outside the area of 

35 sensitivity of the sensor 22. However, when the Image on 
the video monitor is shifted in position relative to the 
housing 20 in which the sensor 22 is mounted, one of the 
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other four dots may he sensed by the sensor 22, If the 
image is too high on the screen, the dot e is sensed, 
while the dot a is sensed if the image is too low on the 
screen. If the image tends to move leftwardly, the dot 
5 d is sensed, while the dot b is sensed if the image tends, 
to move rightwardly. 

Fig. 3 illustrates waveforms of signals which, 
are applied to the video input of the monitor 1Q during 
three scan lines, with time as the independent variable A 
10 pulse corresponding to the dot a is applied while the 
first line is scanned. A similar pulse is applied cor- 
responding to the dot c at the same time during the next 
scan line, while two additional pulses corresponding to 
dots b and d are applied to the monitor shortly before 
15 and shortly after the pulse for the c dot, respectively. 
In the third line, a pulse is applied corresponding to 
the e dot at the same relative time during the third 
scan as the a and c dots:. 

It will be appreciated from Figs. 3 and 4, that 
20 the five dots of the test pattern, although apparently 

continuously visible on the screen, are actually produced 
at individual times*, so that by noting the time of occur- 
rence of a pulse sensed by the photosensor 22, correct 
alignment may be recognized Cwhen the c dot is detected). 
25 and otherwise misalignment in the up, down, left and right 
directions may be individually determined. 

Fig. 5 illustrates an exemplary embodiment of a 
control arrangement which may be used to adjust the posi- 
tion of the image on the screen of the monitor 10, so as to 
30 align the c dot with the sensor 22. 

Video data to be displayed in the image area 12 
of the monitor is applied to a line 24 which is connected 
to an input of a gate 26. The second input of the gate 
26 is connected to a gate array unit 28, such as a pro^ 
35 .grammable logic array CPLAL or the like, and when the 

gate 26 is enabled By the signal from the gate array 28, 
the video data 24 passes over a line 30 through an OR 
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gate 32 to a line 34 which, is connected to the video in- 
put of the monitor. The five dots of the test pattern 
are supplied to additional inputs of the OR gate 32, so 
that they may be mixed with the video data and displayed 
5 on the screen in the form of a test pattern. 

The five dots of the test pattern are produced 
by the gate array at times corresponding to the position 
illustrated in Pig, l f relative to the image 12. In 
order to do this, the gate array 28 has a plurality of 

10 inputs, connected to a source of clock pulses over a line 
38, to a source of vertical blanking pulses over a line 
40, and to a source of horizontal blanking pulses over a 
line 42. The blanking pulses applied to the lines 40 and 
42 are produced by the scanning circuit of the video mon- 

15 itor, and are adapted to Blank the screen during retrace 
periods of vertical or horizontal scanning, They are 
used by the gate array 28 in order to synchronize gener- 
ation of the signal applied to the gates 26 and 32 for 
placing the test pattern 18 and the image 12 on the 

20 screen at fixed positions relative to each other. Also 
connected to the gate array 28 is a storage unit 44 for 
storing a plurality of flags. The flags may take the 
form of conventional f lip-jflops> with set and reset in- 
puts connected to outputs of the gate array 28, and with 

25 the states of the various flip-flops indicated by levels 
on a plurality of output lines 46. 

A parameter storage unit 48 is also provided, 
and a multiplexer 50 is connected therewith to select one 
of a plurality of parameters for loading into a counter 

30 of 52. The multiplexer 5Q is controlled by outputs oyer 
a line 54 from the gate array 28. A line 56 f connected 
to an output of the gate array 28, causes the counter to 
be loaded with the content of a selected parameter stored 
in the storage unit 48 r and signals over a line 58 from 

35 the gate array 28 cause the counter to be counted down. 
When the counter 52 reaches a f a signal is produced on 
the line 60, which is furnished as an input to the gate 
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array 28, 

The five pulses corresponding to dots a-e are 
applied individually to five AND gates 62 , each, of which 
have a second input connected to the output of the photo- 
5 sensor 22, When the position of the image is correct f 
only the gate 62 c produces an output pulse, because the 
sensor 22 is stimulated only in response to the c dot. 
Otherwise, one or two of the OR gates 62a-62e produces a 
pulse, which pulse is connected to the gate array over a 
10 line 66. A pulse on the line 66 indicates that a correc- 
tion of the position is required, while the pulse on the 
line 64 Cwithout a pulse on the line 661 indicates that 
position is correct and that no correction is necessary. 

The outputs of the OR gates 62 a, B, d and e are 
15 connected individually to the parameter store unit 48, for 
incrementing or decrementing the appropriate parameters 
stored in the storage unit 4 8 so as to shift the image and 
test pattern on the screen of the monitor. As shown in 
Fig. 1, a parameter K identifies the extreme left— hand 
20 position, relative to the end of the blanking interyal, of 
the combined image 12 and test: pattern 18. Modifying or 
changing the parameter K results in a shifting of the image 
12 and test pattern 18 simultaneously to the left or to 
the right. Similarly, the parameter J identifies begin- 
25 ning lines of the test pattern 18. Increasing or decreas- 
ing the parameter J, has the effect of raising or lower- 
ing the image 12 and test pattern 18 simultaneously on the 
screen. 

In one exemplary embodiment, the flag storage 
30 unit 44 contains 12 flag storage units, and the parameter 
store 4 8 stores 5 parameters J through N. In operation, 
all flags are initially reset, and the end of the verti- 
cal retrace blanking pulse causes the gate array 28 to 
set flag number 1, which, loads tfte counter 52 with the 
35 parameter J, corresponding to the number of scan lines 
from the top of tlie raster to top of the test pattern 
18. Horizontal blanking pulses are then sent from the 
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line 42 to ttie line 58, and each pulse decrements the 
counter 52 , or reduces it By one, and the counter sig- 
nals the gate array 28 By a signal on line 60 when it 
reaches Q, indicating the scan line for the top of the 
5 test pattern has Been reached. 

Then flag numBer 2 is^ set, and the counter 52 
is loaded with the parameter K, corresponding to the num- 
her of clock pulses from the left-hand edge of the raster 
to the left-hand edge of the test pattern. Clock pulses 

10 from the line 38 are then counted By the counter 52 , and 
when J pulses have Been counted, the gate array is sig- 
naled By a signal on the line 6(1, and the gate array sets 
flag numBer 3, 

Parameter L CFig, 41 is then loaded in the 

15 counter 2, which corresponds, to the numBer of clock: 

pulses Between the left-hand edge of the test pattern and 
the center of the test pattern* When the counter 52 
again reaches Q, the Beam of the CRT or scanning point of 
the monitor is located at the position of dot a f and the 

20 gate array 28 produces a pulse on the line 36 which 

causes the monitor to display the dot a. The pulse can 
be produced by a monostaBle ^multivibrator 37 having a 
short time period if desired. Assuming that the image is 
in correct alignment on the ^monitor screen, no pulse is 

25 detected by the photosensor nor produced on the line 66 , 
and operation continues. Flag numBer 4 is set, and when 
the next horizontal Blanking pulse arrives, the counter 
52 is loaded with the parameter K. Then K clock pulses 
are counted By the counter 52 , after which a pulse cor- 

30 responding to dot B is produced on the line 36, If the 
position is correct, no pulse is produced on the line 66 
at this time. 

Flag numBer 5 is set, and the counter is loaded 
with the parameter L and caused to count L clock pulses 

35 until the Beam is at the center position of the test pat- 
tern. Then a pulse is produced on the line 36 correspond- 
ing to dot c. Flag 6 is set, and the counter 52 is again 
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set to the parameter L f and conditioned to count clock 
pulses until the position pf dot d is reached by the beam. 
At this time another pulse corresponding to the dot d is 
produced on the line 36, Flag number 7 is set, and when 
5 the next horizontal blanking pulse arrives , the parameter 
K is loaded into the counter 52, so that K clock pulses 
are counted until tbe left-hand test pattern position on 
the third scan line is reached. Flag 8 is then set, and 
the parameter L is loaded into the counter 52, and the 
10 counter 52 is counted down with L clock pulses to reach. 
the location of dot e. At this point a pulse is pro- 
duced on the line 36 to display dot e. 

Each time a, dot-representative pulse is produced 
on the line 36, the lines 64 and 66 are examined for co- 
15 incidence . If the position is correct, a pulse is pro- 
duced on the line 64 during each cycle (between vertical 
blanking pulsesl but not on the line 66. For any mis- 
alignment, a pulse is produced on bottt lines, or on the 
line 66 alone in case of more serious misalignment. 
20 Following the inspection of dot e for coinci- 

dence, flag 9 is set, and the counter 52 is set to para- 
meter M CFig. 21, corresponding to the number of Horizon- 
tal blanking pulses between the third line of the test 
pattern and the top of the image. Flag number 10 is then 
25 set on the next horizontal retrace, and the counter 52 
loaded with parameter K, and caused to count K clock 
pulses at which time the beam of the CRT has reached 
alignment with, the left-hand edge of the pattern % Flag 
number 11 is then set and the counter is loaded with- 
30 parameter N CFig. 21 corresponding to the number of clock 
pulses between the left-hand edge of the test pattern and 
the left-hand edge of the image 12. The counter of 52 
is then counted down by clock pulses until it again 
reaches 0, at which, tigie the flag 12 is set. 
35 . When flag 12 has. been set, the beam bas reached 

the upper left— hand corner of the image area 12 , and a 
line of data may be output to the monitor by enabling the 
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gate 26. This occurs in the conventional manner. 

Subsequent horizontal blanking pulses update a 
line counter Cnot shown 1 which addresses a random access 
memory, and makes successive lines available for trans- 
5 mission to the monitor through the gate 26. This is 
repeated for each line to be displayed , and an indica- 
tion of the last line displayed is manifested by a 
line counter Cnot shown I in the conventional fashion. 
At each horizontal retrace pulse, flags 11 and 12 are 

10 reset, so that the operation is repeated from the set- 
ting of flag 10. Namely, the counter 52 is loaded with 
the parameter K, and counts clock pulses to the left— 
hand margin of the test pattern, after which the counter 
is loaded with parameter N and continues to count until 

15 the left-hand margin of the image area 12 is reached. 

Thus, each image line begins at a position determined by 
K + N. The first line of the image begins at J + 2 + M, 
where the second term corresponds to the height of the 
test pattern 18, i.e., two scanning lines. 

20 When all lines have been displayed, the entire 

operation described above is repeated beginning with the 
next vertical blanking pulse. 

From the above description, it is apparent that 
the parameter J determines the vertical position of the 

25 test pattern and the image 12, while the parameter K de- 
termines the horizontal position thereof. Accordingly, 
if the gate 62b produces a pulse, corresponding to a left- 
ward position of the image, the signal on one of the line 
68s causes the parameter store 48 to increment Cor in- 

3Q crease by one) the parameter K, thus moving the image one 
clock pulse to the right. If the image is too far to the 
right, however, the signal from the gate 6 2d causes the 
parameter K to be decremented. In similar fashion, sig- 
nals from the gates 62a and 6 2d cause the parameter J to 

35 be increirvented or decremented as necessary to Bring the 
image into correct position. rt will be appreciated that 
the modification of para^etey J and K has the effect of 
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shifting the test pattern. 18 and the image area 12 
together f so that the two are maintained in correct phy- 
sical position relative to each other. This fixed posi- 
tion can be changed, if desired, by modifying the para- 
5 meters M and N which define the image area 12 in relation 
to the test pattern. By this means, the relative posi- 
tions between the test pattern and the image area can be 
adapted to accomodate the particular characteristics of 
any individual monitor. In addition the parameter L can 
10 be modified, if desired, in order to change the horizon- 
tal spacing of dots b, c and d in the second scan line of 
the test pattern. Also, the test pattern may be made 
greater in height by separating the three scan lines of 
the test pattern by one or more lines. If desired, an 
15 additional parameter may be stored to identify the spacing 
between scan lines of the test pattern, with, additional 
flags provided to accommodate counting down the counter 52 
in accordance with the extra parameters. 

In the above description, it is assumed that the 
2Q test pattern is formed on three individual scan lines, 

however, it is apparent that a larger test pattern may be 
employed in which the individual dots each occupied por- 
tions of two or more scan lines. This facilitates use of 
the present invention with monitors having extremely nar- 
25 row and well defined scan lines. This modification may 
be arranged to employ the test pattern shown in Fig. 6, 
for example, in which each of the five "dots* a 1 - e" of 
the test pattern is made up of two short dashes in succes- 
sive scan lines. Alternatively, dashes or bars oriented 
30 both- horizontally and vertically may be used to facilitate 
concurrent alignment in both X and Y directions. It will 
be apparent that the gate array 28 can be converted to 
produce the test pattern of Fig. 6 by simply providing 
more flags in the fla# store 44 and an additional pararoe- 
35 ter in the parameter store 48 corresponding to the mxmber 
of blaink- scan lines between rovjrs of "dots' in the test 
pattern. The sensing of tlie ^dots* and the response 
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thereto is the same as described in connection with Fig. 
5, except that each of the- gates 62a-62e has inputs cor- 
responding to the successive lines. The -monostaBle 
multivibrator 37 has its period adjusted to produce 
5 pulses corresponding to dashes of the appropriate length. 

From the foregoing it will be apparent that the 
method and apparatus of the present invention is effec- 
tive to maintain correct positioning of the image area 12 
relative to the physical space surrounding of a video 

10 monitor. In this way, changes in position, which may be 
brought about by aging of components or the like, do not 
interfere with the correct operation of a touch input 
system associated with the monitor. 

The photosensor 22 of the present invention may 

15 also be used to develop signals for maintaining the size 
of the image constant, thus tending to reduce changes in 
size which may result from variations in the output volt- 
age of the power supply of the monitor. When such output 
voltage declines, the vertical and horizontal size of the 

20 image tends to be enlarged, spreading apart the dots of 
the test pattern. If the vertical size of the image area 
decreases so as to cause the photosensor 22 to sense si- 
multaneously the three dots a, c, e, or the three dots b, 
c, d, recognition of this condition may be used to send a 

25 signal to a unit which adjusts the gain of the horizon- 
tal and vertical sweep amplifier circuits, to restore the 
image area 12 to the appropriate size. Since such an ar- 
rangement employs only common feedback techniques , it is 
not described in detail. Then parameters J and K may be 

30 modified, if necessary, in the manner described above, 

to insure that the position of the image area is correct. 

While the gate array has been illustrated in 
Fig. 5 as an exemplary embodiment of the present inven- 
tion, it is apparent that the sequence of operations de— 

35 scribed may be carried on by jnieans of a microprocessor 
unit under program control. Alternatively, individual 
gates and flip-flops may be used for the gate array 28. 
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In addition the gates 26, 32 and 62 , as well as the gates 
making up the multiplexer 50 may be incorporated into the 
gate array 28. Also, if desired, the flip-flops or other 
storage units making up the flag store 44 and the counter 
5 52 may also be incorporated into the same integrated cir- 
cuit with the gate array if desired. Although the para- 
meter store 48 may also be incorporated into the same 
unit, it may be desirable in some cases to maintain it 
separate from the gate array 28, to facilitate permanent 

10 storage of the various parameters, as well as to facili- 
tate their being incremented and decremented. The para- 
meter store 48 may conveniently be part of the random ac- 
cess memory or read only memory of a microprocessor sys- 
tem, and these parameters may be incremented and decre- 

15 mented when necessary by the use of the register set 

available in such microprocessor system. Alternatively, 
a separate processor may be employed for monitoring the 
test pattern and adjusting the parameters so that these 
operations are carried out rapidly and accurately. 

20 To facilitate use of the present invention with 

tubes having long persistence phosphorous, a differentia- 
tor circuit may be used with the phbtosensor 22, to pro- 
duce a pulse in response to an abrupt change in the 
screen intensity instead of an output responsive to level 

25 only. A conventional circuit may be connected for this 
purpose between the output of the photosensor 22 and the 
gate 62. 

It is also possible to employ the present in- 
vention to stabilize the size of a raster as it appears 

30 on a CRT screen. For this purpose a circuit is prefer- 
ably provided fox adjusting the scan speed of the hori- 
zontal scan lines in. response to recognition of a situa- 
tion in which one or more columns of the test pattern are 
out of their expected positions. Assuming the line time 

35 is held constant, increasing the scan speed decreases the 
horizontal and vertical size of the raster, and vice 
versa. Preferably the video amplifier of the monitor has 
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substantially constant characteristics with the range of 
variation in scan speed, i.e., the band width is ' suffi- 
cient to accommodate a faster scan speed, etc. Also, the 
blanking interval is preferably adjusted to maintain the 
5 display centered on the monitor screen. Similarly, a 

circuit for adjusting the inter-line spacing by adjusting 
the length of the blanking interval may be made respon- 
sive to a condition in which one or more rows of the test 
pattern are out of their expected positions. Such cir- 

10 cuits are well known in the CRT art and need be modified 
only by including a component which has variable parame- 
ters in response to a control signal from the pattern 
scanning apparatus . 

It is also within the framework of the present 

15 invention to provide two sensors at spaced locations on 
the screen, e.g., adjacent the top border and one side 
border. The spacing between the two sensors helps to in- 
crease the accuracy of maintaining a raster with uniform 
horizontal and vertical dimensions. 

20 The invention can also utilize three or more 

sensors at spaced locations along a scan line, for exam- 
ple, to verify horizontal deflection linearity. The time 
interval between arrival of the scanning spot at spaced 
sensors is proportional to the distance of their spacing 

25 for linear conditions. Arrival at a sensor before or af- 
ter the expected time indicates a nonlinear condition, 
and the sign of the correction required. The same tech- 
nique may be used to monitor vertical linearity as well. 
In both cases conventional circuits may be used for ef- 

30 fee ting a correction in the waveforms of the deflection 
voltage or current. 

In the case of a raster having an interlaced 
display, the apparatus of the present invention is pre- 
ferably modified to enable the test pattern to be dis- 

35 played partly in each of two successive frames. For this 
purpose the scan lines may be counted so that the appro- 
priate lines of successive frames can trigger the pattern 
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scanning apparatus to recognize the appropriate parts of 

the pattern. 

Referring now to Fig. 7, an illustration of an 
alternative embodiment of the invention is illustrated. 
5 A raster 70 of a CRT monitor is illustrated diagrammati- 
cally, and two sensors 72 and 74 are positioned in align- 
ment with the upper and lower edges of the raster, re- 
spectively. The correct height of the raster is assured 
when the sensors 72 and 74 are energized by light from 
10 the scan line coincident with the first and last scan 
lines of the raster. The position of the top scan line 
is verified when the sensor 72 produces a pulse during 
the time of the first scan line, and the sensor 74 pro- 
duces a pulse during the time of the last scan line. 
15 This coincidence can readily be detected by using a 

counter 80 to count horizontal blanking pulses, and the 
counter is reset by each vertical blanking pulse, or by 
alternate vertical blanking pulses in the case of inter- 
laced scanning. A logic unit 82 is connected to the 
counter 80 and produces signals on output lines 84 and 86 
when the state of the counter 80 coincides with the first 
and last lines of the raster. 

These lines are connected to one input each of 
AND gates 88 and 90, which receive their other inputs from 
25 the sensors 72 and 74. When output signals are produced 
by both, gates 88 and 90, the correct height of the raster 

is verified. 

When a third sensor 76 is positioned between 
the sensors 72 and 74, vertical linearity of the raster 
30 can be verified by gating the output of the sensor 76 with 
an output on line 85 of the logic unit 82, which corres- 
ponds to the time of the scan line at the position of the 
sensor 76 when the vertical linearity is correct. 

The present invention may also be employed to 
35 automatically compensate for variations in combinations 
of software and hardware. For example, a combination may 
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include a video display unit having touch input capabil- 
ity and a computer program- designed to receive input data 
by way of the touch input. In one arrangement, the com- 
puter program has an initialization program which is run 
prior to use of any touch input data. The initialization 
program operates to display a grid on the video display 
screen, and instructs the operator to touch two or more 
indicated points on the grid. When the operator does so, 
the electrical signals generated by the touch input sys- 
tem, which are indicative of the x and y coordinates of 
the positions of the video screen which are touched, are 
used to effect correlation of subsequent data in relation 
to the physical parameters of the video display screen. 

Referring to Fig. 8, a video display screen 101 
15 is illustrated, with a grid 103 displayed on the screen 
having diagonally opposite points a and B. When the op- 
erator touches the point of the video display screen cor- 
responding to point a, digital signals are produced which 
are indicative of the x and y position of point a. sim- 
20 ilarly, when point b is touched by the operator, a dif- 
ferent set of signals is produced indicating the physi- 
cal coordinates of point b on the display screen. Pre- 
ferably, when the pattern illustrated in Fig. 8 is dis- 
played, the video display unit is in a graphics mode in 
25 which each of the many points which may be separately 
displayed on the screen can be independently addressed. 
For example, the commercially available IBM PC has a gra- 
phics mode which allows for the display, from bit-mapped 
memory of 200 rows of dots, each row containing 640 dots 
30 spaced along the length of the line. In this case, the 
pattern illustrated in Fig. 8 may be displayed with the 
upper left-hand corner Cthe dot position al , displayed in 
the 15th column of the fifth row, with the lower right- 
hand corner (corresponding to dot position bl , displayed 
35 in the 195th row at the 625th column. This allows for 
the possibility that the video display screen in -use may 
have sufficient overscan so that the extreme corners of 
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the pattern may not be visible on the screen. 

With the pattern- of Tig. 8 displayed on the 
screen, the operator touches the screen at position a, 
and digital signals are produced indicating the x and y 
coordinates of this position. For example, assume that 
the actual positions on the screen correspond to row num- 
ber 8 and column number 17, indicating an offset of three 
rows and two columns. Subsequently, when the position b 
is touched, assume that the x and y coordinates derived 
therefrom are indicative of the 194th row in the 624th 
column, indicating a one row and one column displacement 
from the expected position. This data is then subse- 
quently used by the operating program to compensate in 
such a way that when a position input is received from 
the touch input of the video display screen corresponding 
to the 8th row and the 17th column, that is recognized to 
correspond to the program position corresponding to the 
5th row in the 15th column. Corresponding adjustments are 
made elsewhere throughout the entire area of the ^ideo 
display screen by means of the following relationships, 
where x and y are the current position inputs from the. 
touch input device, x<> and y 0 are the position inputs for 
point a, and xl and yl are the position inputs for point 
b: 

New x=lx - x 0 1 * (625-15) /(xl - x„l +15 
New y=Cy " Yol * C195-ai/Cxl - Y« 1 + 5 
Fig. 9 illustrates an initialization program in 
which the data used for compensating the display screen 
position croay be derived. The program receives its input 
from a program step of the initialization program, which 
when completed passes control to unit 112 to display the 
pattern illustrated in Fig. 8. Control is then passed to 
unit 114 which causes the touch input device 113 to get 
the digital input signals indicating the position of point 
a, after which unit 116 causes parameters corresponding to 
x 0 and y„ to be stored. Then units 118 and 120 perform 
the same operation for input b, and parameters xl and yl, 
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after which control returns to the normal initiation se- 
quence. Fig. 10 illustrates a program making use of the 
correlation data. Assuming a running program which re- 
quires data to be accepted from the touch input of the 
5 display screen, when the touch input is activated, an 

interrupt unit 124 receives control, storing the position 
of the running program so that the current instruction of 
the running program, can be later resumed at that point. 
The interrupt unit 124 passes control to unit 126 which 

10 determines whether the display screen is in its graphics 
mode and if so, passes control to unit 128 which deter- 
mines whether the interrupt is one which requires a touch 
input. If so, control is passed to unit 130 which calcu- 
lates and stores new values for x: and y, by means of the 

15 above expressions from the touch input data, thereby cor- 
recting any inconsistency between the program and the dis- 
play screen being actually used. 

If either units 126 and 128 indicate that the 
video screen is not in its graphics mode, or that touch 

20 input is not desired, control passes immediately to the 
next step in the normal interrupt routine. Otherwise, 
unit 130 passes control to interrupt routine, after which 
control is returned to the next step in the running pro- 
gram, via an interrupt return or the like. As a result, 

25 the running program, which requires position data as a 

result of touch input, is able to interpret the touch in- 
put data irrespective of the characteristics of the indi- 
vidual video display unit. 

It will be apparent to those skilled in the art 

30 that various other modifications and additions may be made 
in the apparatus and method of the present invention, 
which is intended to be defined and secured by the ap- 
pended claims. 
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CLAIMS ; 

1. Apparatus for controlling the position of a 
visual image on the screen of a video monitor, compris- 
ing; means for generating a test pattern in fixed rela- 

5 tion to said visual image, a photoresposive device moun- 
ted in fixed position relative to the screen of said mon- 
itor and responsive to said test pattern for developing 
signals manifesting the position of said test pattern rel- 
ative to a predetermined fixed position, and means for 
10 modifying the position of said test pattern on said screen 
in response to said signals. 

2. Apparatus according to claim 1 wherein said 
test pattern comprises a plurality of dots on a plurality 
of scanning lines of said monitor, and said apparatus for 

15 generating said test pattern comprises means for supply- 
ing a sequence of pulses to said video monitor at times 
corresponding to the positions of said dots on said mon- 
itor screen. 

3. Apparatus according to claim 2 wherein said 
20 photoresponsive device is adapted to produce a signal 

responsive to one of said pulses when said test: pattern 
is correctly positioned, and in response to one or more 
others of said dots when said pattern is Incorrectly po- 
sitioned. 

4. Apparatus according to claim 3 wherein said 
test pattern comprises a plurality of separated dots form- 
ing at least one row and at least one column, and said 
photoresponsive device is responsive to the presence of 
dots in an area defined by a vertical or horizontal di- 
mension which is greater than the distance between two 
adjacent dots. 

5. Apparatus according to claim 1, including 
means for mounting said photoresponsive device In fixed 
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position relative to the screen of said monitor. 

6. Apparatus according to claim 1, including a 
parameter store for storing parameters corresponding to 
the vertical and horizontal positions of said image area, 
and means for modifying said parameters in response to 
signals from said photoresponsive device. 

7. Apparatus according to claim 6, including 
means for incrementing or decrementing one of said para- 
meters in response to a signal from said photoresponsive 
device corresponding to a position of said image area 
different from said predetermined fixed position. 

8. A method of maintaining the image area of 
a video monitor in a predetermined fixed position, com- 
prising the steps of; displaying a test pattern on the 
screen of said video monitor in fixed relation to said 
image area, inspecting the position of said test pattern 
relative to a fixed position on the screen of said moni- 
tor, and adjusting the position of said test pattern and 
image area together to bring said test pattern into 
alignment with said predetermined fixed position. 



9. The method according to claim 8 including 
the step of generating said test pattern in the form of a 
plurality of spaced dots, employing a photoresponsive de- 
vice for inspecting said test pattern, and moving the po- 

25 sition of said image in accordance with the relationship 
between said dots and said photoresponsive device. 

10. The method according to claim a including 
the step of forming said dots by supplying a plurality of 
pulses to said video monitor during the periods of a 

30 plurality of scan lines. 

11. Apparatus according to claim 1, wherein 
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said photoresponsive device comprises plural photode- 
tectors spaced apart both horizontally and vertically on 
said screen, 

12. Apparatus according to claim 1 wherein 
5 said test pattern is composed of plural parts, and in- 
cluding means for developing signals corresponding to 
alignment of one of said parts and misalignment of ano- 
ther of said parts, to identify a variation in size of the 
raster of said video monitor. 

13. Apparatus for verifying placement of a 
visual image on the screen of a video monitor, compris- 
ing; a photoresponsive device mounted in fixed position 
relative to the screen of said monitor and responsive to 
light produced by said monitor, at a predetermined loca- 
tion thereof, and means for producing an output signal in 
response to energization of said photoresponsive device 
at a predetermined time, whereby said output signal veri- 
fies an operational characteristic of said monitor rela- 
tive to the placement of said image. 

14. Apparatus according to claim 13, wherein 
said photoresponsive device is placed at the normal po- 
sition of a predetermined scan line of the raster of said 
monitor. 

15. Apparatus according to claim 14, including 
25 means for generating a test pattern on said monitor at 

said predetermined scan line. 

16. Apparatus according to claim 13 r including 
a pair of said photosensitive devices, said devices each 
being mounted at the normal positions of two different 

30 scan lines of the raster of said monitor, whereby the 

physical distance between said two scan lines can be veri- 
fied. 
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17. Apparatus according to claim 13 , including 
three photosensitive devices, each of said devices being 
mounted at the normal positions of three different scan 
lines of said monitor, whereby the vertical linearity of 

5 said raster can be verified. 

18. A method of verifying placement of a vis- 
ual image on the screen of a video monitor, comprising 
the steps of; placing a photoresponsive device at a pre- 
determined physical position adjacent the face of said 

10 monitor, and comparing the time of energization of said 
photoresponsive device with a predetermined time, where- 
by an operational characteristic of said monitor is veri- 
fied, relative to the placement of said visual image 
thereon . 

15 19. The method according to claim 18, includ- 

ing the step of generating a test pattern on said monitor 
at the scan line normally corresponding to the position 
of said photoresponsive device, 

20. The method according to claim 18 , includ- 
20 ing the steps of placing two of said photoresponsive de- 
vices at the normal positions of two different scan lines 
of the raster of said monitor, whereby a height charac- 
teristic is verified. 

21. The method according to claim 18 , including 
25 the step of placing three of said photoresponsive devices 

at the normal positions of three different scan lines of 
the raster of said monitor, whereby a vertical linearity 
characteristic is verified. 

22. Apparatus for correlating the position of 
30 a visual image on the screen of a video monitor having a 

touch input capability comprising, means for generating a 
test pattern iri fixed relation to said visual image, 
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touch input means for generating signals indicative of 
the position of said video- monitor when its surface is 
touched, and means for storing data correlating a speci- 
fic point of said test pattern with the position which is 
touched, whereby said correlation data may be used to 
compensate for variations in the positions of said test 
pattern caused by physical characteristics of said video 
monitor. 

23. Apparatus according to claim 22 wherein 
said test pattern incorporates at least two points spaced 
apart horizontally and vertically on said screen. 

24. Apparatus according to claim 22 wherein 
said means for storing incorporates means responsive to 
signals from said touch input means for storing data cor- 
responding to said signals and including means responsive 
to subsequent position data supplied by said touch input 
means for adjusting said subsequent position data in ac- 
cordance with said stored data. 

25. A method of correlating the position of a 
visual image on the screen of a video monitor having a 
touch input capability comprising the steps of generating 
a test pattern in fixed relation to said visual image, 
devising data representative of particular positions of 
said test pattern, storing said data, and referring to 
said stored data each time subsequent position data is 
provided by the touch input capability of said monitor, 
and using said stored data to compensate for variations 
in the positions of said test patterns caused by physical 
characteristic of said video monitor. 

26. The method according to claim 25, including 
the step of storing data representative of two points of 
said test pattern which are spaced apart horizontally and 
vertically. 
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27. The method according to claim 25, including 
the step of using said stored data to adjust each item of 
subsequent position data for modifying such position data 
in accordance with the physical characteristics of said 
video monitor. 
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ive device (22) are used to modify the presentation of the 
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the screen of the monitor (10) and responsive to the test pat- 
tern (18) for developing signals manifesting the position of 
the test pattern (18) relative to a predetermined fixed posi- 
tion, and means (48) for modifying the position of the test 
pattern (18) on the screen (10) in response to said signals. 
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